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Abstract: To accurately assess the safety of freeway work zones, this paper investigates the safety of
vehicle lane change maneuvers with improved cellular automata model. Taking the traffic conflict and
standard deviation of operating speed as the evaluation indexes, the study evaluates the freeway work
zone safety. With improved deceleration probability in car-following rules and the addition of lane-
changing rules under critical state, the lane-changing behavior under critical state is defined as a con-
flict count. Through 72 schemes of simulation runs, the possible states of the traffic flow are carefully
studied. The results show that under the condition of constant saturation traffic conflict count and vehi-
cle speed standard deviation reach their maximums when the mixed rate of heave vehicles is 40%.
Meanwhile, in the case of constant heavy vehicles mix, traffic conflict count and vehicle speed stand-
ard deviation reach maximum values when saturation rate is 0.75. Integrating all simulation results, it
is known the traffic safety in freeway work zones is classified into four levels: safe, relatively safe, rel-
atively dangerous, and dangerous.
Key words: work zone; cellular automata model; conflict count; safety classification; speed standard
deviation
1 Introduction
Freeway work zone poses a huge challenge to high-
way safety. When construction workers and construc-
tion equipments placed on a blocked travel lane, vehi-
cles have to merge to another lane, which creates un-
stable traffic flow patterns. It has been well documen-
ted that traffic accident rate at freeway work zone is
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much higher than the average freeway accident rate.
Assessing freeway work zone safety is critical to de-
velopment of effective freeway work zone traffic op-
eration plans (Sarasua et al. 2004).
Currently, road traffic safety evaluation methods
mainly include two types: direct evaluation method on
the basis of accident statistics and indirect evaluation
method that does not involve accident data (Al-
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Masaeid 1997; Du et a1. 2007; Wang et al. 2014;
He et al. 2011). Developed countries usually have
large accident data collect from all types of highways
including freeway work zone. That is why the acci-
dent safety evaluation models, such as the accident
rate model and logistic regression model, are com-
monly used in safety evaluation. For lack of reliable
crash data in most of developing countries including
China, it is difficult to establish work zones safety as-
sessment based on accident data. Only few evaluation
indicators such as operating speed and acceleration
rate are used to evaluate the safety of freeway work
zones (Tian et a1. 2005; Zhang et al. 2011; Chen et
a1. 2013; Yang et a1. 2014). To overcome the data
problem, the conflict method has been used to assess
site-specific safety. In 1997, Beijing University of
Technology developed a planar intersection collision
probability distribution model and established a safety
evaluation system (Ma 2005 ). Cheng and Li (2004)
from Jilin University proposed a fuzzy clustering
method for evaluation of traffic safety, which provid-
ed a new evaluation method for safety evaluation of
intersection. Zhang (2007) from Southeast Universi-
ty applied traffic conflict technique to evaluate the
safety performance of grade crossings. Three different
kinds of traffic conflict (vehicle to vehicle, vehicle to
non-motorized vehicle, and vehicle to pedestrian) ra-
tios were calculated (Zhang 2007). Guo (2011)
from Jilin University proposed a comprehensive traffic
conflict discrimination model, which applied the traf-
fic conflict theory, the relative movement theory,
fisher discrimination principle, and used speed, dis-
tance and angle as key evaluation variables. It im-
proved the precision of traffic conflict discrimination.
Southwest Jiaotong University also introduced the traf-
fic conflict technique in the urban traffic safety evalu-
ation. The study used the ratio of time-averaged traf-
fic conflict to mixed traffic equivalent as grading
standards to divide urban traffic safety into four levels
(Fu and Fang 2006). According to continuous fluid
flow theory, Tian et al (2005) from Jiangsu Univer-
sity analyzed the characteristics of traffic flow conflict
in freeway work zones and established traffic conflict
prediction model. To solve the traffic problems,
Wolfram's (1983) 184 rules of cellular automata
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( CA) were used to describe the movement of vehi-
cles in the traffic flow. German scholars Nagel and
Schreckenberg (1992) proposed a one-dimensional
traffic flow CA model (NS model). In the same
year, a two-dimensional CA traffic flow model was
put forward by American scholars Biham et a1.
( 1992), which created a new chapter in the field of
cellular automata applied to traffic. On the basis of
single NS model, Nagel et a1. (1998) proposed a
traffic simulation model for multiple lanes. In this
model, vehicles in each lane should obey the rules of
the NS model, which includes lane-changing rules.
Combining the BML model and NS model, Schad-
schneider et a1. ( 2000) put forward the urban traffic
network model. Based on CA simulation, Li (2009)
from Changsha University found that the speed of
moving bottleneck was positively correlated with the
traffic capacity of highway. Under the condition of
moderate upstream traffic flow density of moving bot-
tleneck, the moving bottleneck's effect on traffic ca-
pacity is the largest. Liang (2013) from Chang' an
University used CA model to simulate the relationship
between road and traffic conditions and the capacity
of the climbing sections. The results of simulation
show that the number of lanes, slope, slope length,
traffic volume, speed, and truck mixing rate have
effects on the capacity of the climbing sections.
Researches at home and abroad on safety in free-
way work zones focuse on statistical analysis of acci-
dent rates, the work zone speed limitation, the rea-
sonable length of work zones, and the relationship be-
tween traffic control and accident. Research emphases
are placed on the delays and traffic capacity. Howev-
er, study on the classification of work zone traffic
safety assessment has not been conducted. In this
study, based on simulation analysis of cellular autom-
ata model, taking traffic conflict count and vehicle
speed standard deviation as evaluation indexes, a sim-
ulation for the freeway work zones traffic flow is de-
veloped to grade traffic safety classification under the
conditions of different mixed rates of heavy vehicles
and amount of traffic.
2 Analysis of traffic safety in freeway
work zones
When vehicles approach a blocked work zone, they
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3.2 Vehicle speed aandard deviation
Operating speed has long been connected with acci-
dent severity. The higher speed, the greater likeli-
hood for a severer accident. However, the accident
frequency with speed is not statistically identified ex-
cept for speed differentials. Solomon (1964) found
out that the relationship between speed deviation and
the collision rate can be represented by the U-shaped
curve. The results are shown in Fig. 1.
As seen in Fig. 1, the probability of an accident is
at the minimum when the speed of a vehicle reaches
the average speed. The risk of having an accident in-
creases when a vehicle's speed is below or above av-
erage speed. The Accident Research Centre in
Monash University also conducted the research on the
relationship between accident rates and the speed devi-
ation. The results show that the greater the deviation,
the higher the accident rate (Munden 1967) , which is
methods for traffic conflict definition. For the purpo-
ses of freeway work zones safety assessment, the traf-
fic conflict is defined as in the process of changing
lanes under critical condition, intertwined vehicles
have high risk for sideswipe and rear-end accidents.
There exists a relationship between traffic conflicts
and accidents. The number and severity of traffic
conflict to some extent can reflect the level of traffic
safety. The higher the number and severity of traffic
conflicts, the higher the risk of accidents.
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must change lane, which alters traffic flow pattern. In
the process of lane changing, drivers must experience
three steps: looking for the clearance at the adjacent
lane, adjusting the speed, and finally executing the
action. During this process, the available gap at adja-
cent lane has a great impact on the choice of changing
lanes. To change lanes, two conditions should be
met. First, the vehicle in front of the current vehicle
is in motion. Second, the adjacent lane has enough
space for the vehicle to safely merge into so that no
collisions would occur between the merged vehicle
and vehicles in front and behind (David and Rafael
2010 ). These conditions are called critical conditions
in this study.
From the microscopic point of view, the process of
changing lanes includes some potential accident risks,
such as colliding with the front vehicle in the current
lane and colliding with vehicles in the target lane. It
is more dangerous to change lanes under critical con-
ditions than under general conditions. Therefore, traf-
fic conflict caused by such lane changing maneuver
can be used as a very important index for work zone
safety assessment.
In addition, the speed differential is closely related
with traffic safety as well. In general, bigger speed
differential often leads to more frequent acceleration
and deceleration behaviors, which could result in un-
stable traffic flow with serious traffic conflicts. Unsta-
ble traffic flow often induces accidents. Therefore,
the speed differential is another essential index for
work zone safety assessment.
3 Safety evaluation indexes
Traffic flow characteristics in freeway work zones
clearly show that the main traffic conflict is inter-
twined conflicts. Before vehicles enter the work
zones, they must change lane and merge with vehicles
already in the target lane, which causes the inter-
twined conflicts. This study selects the number of
traffic conflicts as one of work zone traffic assessment
indexes.
Although traffic conflict has a basic definition, the
specific meaning in the application is not entirely con-
sistent. There are no certain standards in analytical
3.1 Traffic conflict count
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consistent with the results from Solomon's (1964)
study.
Operating speed is not only related to the magnitude
of accident rate but also directly affects the severity of
accident. In a traffic accident, the level of property
damage and personal injury exponentially increases
with speed. Joksch ( 1993) explored the relationship
between severity of accident and the operating speed
deviation. The results show that when the speed devi-
ation is more than 20 km/h, the severity of the acci-
dent will greatly increase.
The speed differential is particularly related to rear-
end accident that is the most common type of acci-
dents on freeway. In a rear-end collision, the speed
difference between two vehicles, not just the follow-
ing vehicle speed, determines the severity of the acci-
dent. Therefore, the speed differential is selected as
another index for traffic safety assessment. Speed dif-
ferential can be expressed in various terms, such as
speed standard deviation, variance of speed, and
speed variation coefficient. In this case, standard de-
viation is selected as the quantitative index to reflect
the degree of speed differential. The speed standard
deviation includes the standard deviation of vehicle
speed in adjacent lanes and in adjacent sections of the
same lane. The former is used to describe the danger
of lane-changing, and the latter is used to describe the
risk of rear-end collision in car-following situation.
4 Establishment of cellular automata
model and improvement
4.1 Car-following rules and improvement
According to the characteristics of one-dimensional
traffic flow in cellular automata model, combining
with the operating characteristics of traffic flow in
work zones, the present study chooses NaSch model
as car-following rules of single lane (Nagel and
Schreckenberg 1992). Its evolution rules are
CD Deterministic acceleration, namely vji (t + 1 )
min {vji( t) +1, vmax } ;
(2) Deterministic deceleration, namely "» ( t +1 )
min {vji( t) , gapji( t) } ;
® Random deceleration, namely vji (t + 1 )
max { vji (t) -1, 0 } , with probability PI ;
@ Location update, namely xji ( t +1) = xji ( t) +
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Vji( t) .
where vji ( t) is the speed of vehicle i in lane j at mo-
ment t; vmax is the maximum speed that vehicle can
achieve; gapjj ( t ) is the number of spaces between the
front vehicles that adjoins to vehicle i and vehicle i in
lane j at moment t; X j j( t) is the position of vehicle i
in lane j at moment t.
The deceleration probability P I in the third rule
of NaSch model is a constant. No matter how fast
the vehicle speed is, the vehicles will decelerate
with same probability. This is not very consistent
with the actual situation. Therefore, the vehicle
speed is introduced into the present study to im-
1prove PI' PI =1 --.
vji
4.2 Lane-changing rules and improvement
Lane-changing rules include symmetrical lane-chan-
ging and asymmetric lane-changing rules. The present
study takes the symmetrical lane-changing rules (Ras-
safi et al. 2012), and makes an improvement on the
third rule, and the rules are as follows
v; ( t) ;:;: gapjJ t) (l )
vji( t) ::::; gaPolher( t) (2)
d,afe ::::; gapother ( t) (3 )
rand( .) < Pchange (4)
where gaPolher ( t) is the cellular number between the
front vehicle in adjacent lane that adjoins to vehicle i
and vehicle i in lane j at moment t; d,afe is safety dis-
tance of lane-changing; rand( .) is the randomly gen-
erated probability at moment t; Pchange is the probabili-
ty of random lane-changing.
The safety distance of lane-changing d,afe in the
third rule above is a constant. To better simulate the
actual driving behavior, the present study introduces
the rear vehicle speed in adjacent lane and takes the
minimum value of vehicle speed and safe lane-chan-
ging spacing, namely, d,afe = min I d,afe' Vother ( t) I ,
where Vother ( t) is the speed of rear vehicle that adjoins
to vehicle i in adjacent lane. In addition, this paper
adopts vehicle lane-changing behavior under critical
state as the judgment conditions of conflict count,
namely d,afe ::::;gapolher ( t) to simulate safe lane-chan-
ging behaviors and lane-changing behaviors under the
critical state. It also defines an additional critical situ-
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ation d,.fe = gapother (t), and uses MATLAB program
to record a traffic conflict automatically .
4.3 Vehide arrival and departure
4.3.1 Vehicle arrival
Distribution of vehicle arrival rate refers to the proba-
bility distribution of vehicle numbers that pass certain
points of roadway per unit time, and also is known as
the traffic flow distribution ( Zhang 2010). Investiga-
tion shows that when the traffic density is not high and
not affected by other interference factors vehicle arrival
rate is roughly in line with the Poisson distribution,
when traffic flow is heavy vehicle arrival rate is rough-
ly in line with the binomial distribution or generalized
Poisson distribution, and when traffic is subject to pe-
riodic interference the vehicle arrival rate is roughly in
line with the negative binomial distribution (Wang and
Ruskin 2002). In present study , when traffic density is
not high, the Poisson distribution is used as vehicle ar-
rival rate; when traffic flow is heavy, the binomial
distribution is used as traffic arrival rate.
4.3.2 Vehicle departure
The departure of vehicles is the processing of right
border in traffic flow cellular automata model. When
vehicles move to the right border of the model, vehi-
cles will depart following a certain probability (Wang
et al. 2008). In general, the departure probability of
vehicles, Pz , is a constant. No matter how heavy
traffic flow there is, vehicles leave at a fixed proba-
bility. Obviously, this is not very consistent with the
actual situation. When the traffic density is low and
running speed is high, the departure probability of ve-
hicles should be larger. When density is higher and
speed is lower , the departure probability of vehicle
should reduce accordingly (Wang et al. 2011).
Therefore, the present study introduces the running
speed of vehicle to the departure probability of vehicle
and makes an improvement on the right border of the
model. One of them is P2 =1 - e -"ji.
5 Simulation scheme, parameters and
results analysis
5.1 Simulation scheme
5.1.1 Mixed rate of heavy vehicles
Due to their physical and unique operation characteris-
tics , heavy vehicles affect lane changing maneuver
greatly. Therefore, the percentage of heavy vehicles
under various traffic flow conditions should be consid-
ered in the lane changing study. Mixed rate of heavy
vehicles includes spatial mixed rate and time mixed
rate. Time mixed rate of heavy vehicles means the ra-
tio of heavy vehicle flow to traffic flow for one lane
space in a period of time. In simulating , the mixed
rates of heavy vehicles are selected as 10%, 20% ,
30%,40%,50%,60%,70%, 80%,90%.
5.1.2 Traffic volume
Traffic volume determines the distribution of time
headway. In work zones, vehicles need to have suffi-
cient headway to complete the lane-changing maneu-
ver. Different traffic volume leads to different corre-
sponding headway . In simulation, the traffic volume
of single lane begins from 500 pcu/h , ends with
1900 pcu/h with the interval of 200 pcu/h.
With all possible combinations of heavy vehicle
mix and traffic flow rate , the total of the simulation
schemes for freeway work zone study is 72.
5.2 Simulation parameters
Regarding the road as a two-dimensional discrete lat-
tice, chain of which length is L, namely a k x n ma-
trix rk Xn ' in which the row subscript k represents lane
number, the number 1 represents the left lane, the
number 2 represents the right lane; and column sub-
script n represents the lattice sites of each lane. At
any moment, the lattice may be occupied by two
kinds of vehicles of different lengths at different
maximum speeds . Light vehicles occupy a lattice at
a maximum speed of 4 celVs and heavy vehicles oc-
cupy two lattices at a maximum speed of 3 celVs.
Each type of vehicle status is represented by its speed
vj i ( i =1 ,2 , "', n; j =1 ,2 ). Xji is adopted to repre-
sent vehicles on cellular i in lane j . If the value is 0,
it represents no vehicle. If the value is non-zero, it
represents the existence of vehicles ( heavy vehicles
or light vehicles). In each time-step of evolution,
the vehicle states make updates of speed and position
in accordance with the lane-changing rules and the
car-following rules of NaSch model. In matrix rk X II '
the certain length of a one-dimensional array value is
set as 0, representing lane length that traffic acci-
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dents occupy. No vehicles are allowed to drive in
this lane. When vehicles drive into the work zones,
vehicles must choose the appropriate gap to change
lanes.
In simulation, lanes are set up empty at the initial
moment, that is, no vehicles present at this time.
Then at the starting point of lanes (left side ) constant
vehicles appear in a certain way. The speed and posi-
tion of vehicles are updated respectively according to
lane-changing and car-following rules. At the ending
point of lanes, vehicles leave following a certain
probability. Lattice sites n = 1000 is adopted. Each
lattice represents the actual length 7. 5 m, namely the
lane length L is 7500 m. The time-step of evolution is
one second. The running time is 40 minutes. The av-
erage from many simulation runs is taken to eliminate
the influence of randomness of the result.
5.3 Analyses of simulation resrlts
Because there are differences between traffic capacity
of cellular automata simulation and actual road traffic
capacity, saturation condition is used to analyze the
changing rule of the number of traffic conflicts and
speed standard deviation with traffic volume in order
to match the simulation results to the actual situation
consistently. In such a case, the capacity in simula-
tion is set at 2000 pcu/h, and the previous traffic vol-
ume corresponds to the roadway capacity . The corre-
sponding road saturation condition is calculated as
0.25,0.35, 0.45, 0.55, 0. 65, 0.75, 0.85, and
0.95 respectively.
5.3. 1 Traffic conflict count at different mixed
rates of heavy vehicles
In connection with saturation condition of O. 25,
0.35,0.45,0.55, 0.65 , 0.75 , 0.85, and 0.95,
the present study respectively carries on the simulation
under the conditions of different mixed rate of heavy
vehicles. The results of changing rules of conflict
counts with the different mixed rates of heavy vehicles
in work zones are shown in Fig. 2.
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Fig. 2 Conflict count at different mixed rates of heavy vehicles
As seen in Fig. 2, under the conditions of a given
saturation when the mixed rate of heavy vehicles is
40% , the conflict count reaches the maximum value.
When the mixed rate of heavy vehicles is less than
40% , with the increase of the mixed rate of heavy
vehicles the conflict count also increases. When the
heavy vehicle is more than 40% , the conflict count
decreases gradually with the increase of mixed rate of
heavy vehicles. In addition, there are similar chan-
ging characteristics under the condition of different
saturations conditions.
5.3.2 Speed sendett: deviation at different
mixed rates of heavy vehides
In connection with saturation conditions of O. 25 ,
0.35,0.45 ,0.55,0.65, 0. 75 , 0. 85 , and 0.95,
the present study respectively carries on the simulation
under different saturation conditions. The results of
changing rules of speed standard deviation at different
mixed rates of heavy vehicles in work zones are
shown in Fig. 3.
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As seen in Fig. 3, under the conditions of certain
saturation when the mixed rate of heavy vehicles is
40% , the speed standard deviation reaches the maxi-
mum value. When the mixed rate of heavy vehicles is
less than 40% , the speed standard deviation increases
with the rise of mixed rate of heavy vehicles. When
the mixed rate of heavy vehicles is more than 40% ,
the speed standard deviation decreases with the reduc-
tion of mixed rate of heavy vehicles. It is also clear
that all simulation runs have similar changing charac-
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teristics.
5.3.3 Traffic conflict count under different satura-
tions
In connection with heavy vehicles mix at 10% , 20% ,
30% , 40% , 50% , 60% , 70% , 80% and 90% , this
present study conducts the simulation under the condi-
tion of different saturation conditions respectively.
The results of changing characteristics of the conflict
count under different saturation conditions in work
zones are shown in Fig. 4.
Mixed rate of heavy vehicles
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Fig. 4 Conflict count under different saturation conditions
As seen in Fig. 4 , under the conditions of certain
mixed rate of heavy vehicles , the number of traffic
conflict also increases with the rise of the saturation
rate constantly. When the saturation increases to a cer-
tain degree, the number of traffic conflict decreases
with the rise of saturation. The maximum (turning
point ) is reached when saturation is 0. 75 generally. It
is also seen that all simulations run with different con-
ditions have similar lane-changing characteristics.
5.3.4 Speed standard deviation under different
saturation conditions
In connection with heavy vehicles mix at 10% , 20% ,
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30% , 40% , 50% , 60% , 70% , 80% and 90% , the
present study conducts the simulation under the differ-
ent saturation conditions. The results of changing
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characteristics of speed standard deviation with differ-
ent saturation conditions in work zones are shown in
Fig. 5.
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Fig. 5 Speed standard deviation under different saturation conditions
As seen in Fig. 5, the speed standard deviation
increases constantly with the rise of saturation at a
given mixed rate of heavy vehicles . But when the
saturation reaches at a certain point, the speed
standard deviation decreases with the increase of
saturation. The maximum (turning point) is ob-
tained when saturation is O. 75 generally. It is also
seen that all kinds of simulation conditions have
similar changes characteristics.
Accordingly, under the conditions of certain mixed
rate of heavy vehicles, the changing characteristics of
the traffic conflict count and the speed standard devia-
tion under different saturations in freeway work zones
are consistent.
6 Safety classification
6.1 Safety classflcation bared on the traffic con-
flict count
Based on the turning point of the curve as well as the
idea of uniform distribution used for none turning
points, the present study makes an analysis combining
with the previous results.
Under the same saturation in work zones, the traf-
fic conflict count is divided into four different safety
classes according to different mixed rates of heavy ve-
hicles shown in Tab. 1. Similarly, with the same
mixed rate of heavy vehicles, traffic conflict count is
divided into four different safety classes according to
different saturation conditions as shown in Tab. 2. In
the combination of these two conditions, the pessimis-
tic method is used for safety classification, the results
are shown in Tab. 3. In all tables, p represents the
mixed rate of heavy vehicles, and s represents traffic
saturation.
6.2 Safety dassflcation bared on the speed
standard deviation
Using the same method as the safety classification
based on the traffic conflict count, the speed standard
deviation in work zones is divided into four different
safety classes according to different mixed rates of
heavy vehicles under the same saturation condition,
which is shown in Tab. 4. In the same way, the speed
standard deviation at the same mixed rate of heavy ve-
hicles under different saturation conditions is divided
into four different safety classes according to satura-
tion condition, which is shown in Tab. 5. Under the
combination of these two conditions, the results are
shown in Tab. 6.
6.3 Safety dassfication bared on the number of
traffic conflict and soeed standard deviation
In summary, the results of safety classification in the
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freeway work zones are achieved by the pessimistic method, as shown in Tab. 7.
Tab. 1 Safety classification based on traffic conflict count under different mixed rates of heavy vehicles
Mixed rate of
heavy vehicles
Safety classes
p,,;l0%
or p >90%
Safe
10% <p.,;20%
or 70% <p.,;90%
Relatively safe
20% <p.,;30%
or 50% <p.,;70%
Relatively dangerous
30% <p.,;50%
Dangerous
Tab. 2 Safety classification based on traffic conflict count under different saturation conditions
Saturation condition
Safety classes
s";O.45
Safe
0.45 <s";O. 60
ors>0.95
Relatively safe
0.60 <s";O. 70
or O.85 <s";O. 95
Relatively dangerous
0.70 <s";O. 85
Dangerous
Tab. 3 Safety classification based on traffic conflict count under different saturation conditions and mixed rates of heavy vehicles
Saturation condition
s";0.45
0.45 <s";O. 60
or s >0.95
0.60 <s";O. 70
or O.85 <s";O. 95
0.70 <s";O. 85
p.,;10% 10% <p.,;20% 20% <p.,;30%
30% <p.,;50%
or p >90% or 70% <p.,;90% or 50% <p.,;70%
Safe Relatively safe Relatively dangerous Dangerous
Relatively safe Relatively safe Relatively dangerous Dangerous
Relatively dangerous Relatively dangerous Relatively dangerous Dangerous
Dangerous Dangerous Dangerous Dangerous
Tab. 4 Safety classification based on speed standard deviation under different mixed rates of heavy vehicles
Mixed rate of
heavy vehicles
Safety classes
p.,;10%
or p >90%
Safe
10% <p.,;20%
or 60% <p.,;90%
Relatively safe
20% <p.,;30%
or 50% <p.,;60%
Relatively dangerous
30% <p.,;50%
Dangerous
Tab. 5 Safety classification based on speed standard deviation under different saturation conditions
Saturation
Safety classes
s";0.40
Safe
0.40 <s";O. 60
or s >0. 95
Relatively safe
0.60 <s";O. 70
or O.90 <s";O. 95
Relatively dangerous
0.70 <s";O. 90
Dangerous
Tab. 6 Safety classification based on speed standard deviation under different saturation conditions and mixed rates of heavy vehicles
Saturation condition
p.,;10% 10% <p.,;20% 20% <p.,;30%
30% <p.,;50%
or p >90% or 60% <p.,;90% or 50% <p.,;60%
s:;:;:0.40 Safe Relatively safe Relatively dangerous Dangerous
0.40 <s";O.60
Relatively safe Relatively safe Relatively dangerous Dangerous
or s >0. 95
0.60 <s";O. 70
Relatively dangerous Relatively dangerous Relatively dangerous Dangerous
or O.90 <s";O. 95
0.70 <s";O. 90 Dangerous Dangerous Dangerous Dangerous
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Tab. 7 Safety classification under different saturation conditions and mixed rates of heavy vehicles
Saturation condition
S~O. 40
O.40 <s~O. 60
or s >0. 95
O.60 <s~O. 70
or O.90 <s~O. 95
O.70 <s~O. 90
p~10% 10% <p~20% 20% <p~30%
30% <p~50%
or p >90% or 70% <p~90% or 50% <p~70%
Safe Relatively safe Relatively dangerous Dangerous
Relatively safe Relatively safe Relatively dangerous Dangerous
Relatively dangerous Relatively dangerous Relatively dangerous Dangerous
Dangerous Dangerous Dangerous Dangerous
7 Conclusions
Based on lane-changing maneuvers and corresponding
safety analysis, selecting the traffic conflict count and
the speed standard deviation as the traffic safety as-
sessment indexes for freeway work zones is reasona-
ble.
Lane-changing maneuver under critical conditions is
more dangerous than that under general conditions. It
can be defined as a conflict count and recorded by
MATLAB program.
The simulation results show that the traffic conflict
count and the speed standard deviation will change
with the variety of saturation condition and mixed rate
of heavy vehicles. The number of traffic conflicts also
increases with the rise of saturation constantly.
The safety of freeway work zones is divided into
four classes: safe, relatively safe, relatively danger-
ous, and dangerous. The classification standards of
safety assessment according to simulation still need to
be combined with the actual statistical data because of
the complexity of the actual traffic in the freeway
work zones.
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